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1
GEOMETRIC CONFIGURATION OR
ALIGNMENT OF PROTECTIVE MATERIAL
IN A GAP STRUCTURE FOR ELECTRICAL
DEVICES

RELATED APPLICATIONS

This application claims benefit of priority to Provisional
U.S. Patent Application No. 61/241,000, filed on Sep. 9,
2009; the aforementioned priority application being hereby
incorporated by reference in its entirety.

TECHNICAL FIELD

Embodiments described herein pertain to a geometric con-
figuration or alignment for including electrically protective
material in devices.

BACKGROUND

Voltage switchable dielectric (VSD) materials are known
to be materials that are insulative at low voltages and conduc-
tive at higher voltages. These materials are typically compos-
ites comprising of conductive, semiconductive, and insulative
particles in an insulative polymer matrix. These materials are
used for transient protection of electronic devices, most nota-
bly electrostatic discharge protection (ESD) and electrical
overstress (EOS). Generally, VSD material behaves as a
dielectric, unless a characteristic voltage or voltage range is
applied, in which case it behaves as a conductor. Various
kinds of VSD material exist. Examples of voltage switchable
dielectric materials are provided in references such as U.S.
Pat. No. 4,977,357, U.S. Pat. No. 5,068,634, U.S. Pat. No.
5,099,380, U.S. Pat. No. 5,142,263, U.S. Pat. No. 5,189,387,
U.S. Pat. No. 5,248,517, U.S. Pat. No. 5,807,509, WO
96/02924, and WO 97/26665, all of which are incorporated
by reference herein.

VSD materials may be formed using various processes and
materials or compositions. One conventional technique pro-
vides that a layer of polymer is filled with high levels of metal
particles to very near the percolation threshold, typically
more than 25% by volume. Semiconductor and/or insulator
materials are then added to the mixture.

Another conventional technique provides for forming VSD
material by mixing doped metal oxide powders, then sinter-
ing the powders to make particles with grain boundaries, and
then adding the particles to a polymer matrix to above the
percolation threshold.

Other techniques and compositions for forming VSD mate-
rial are described in U.S. patent application Ser. No. 11/829,
946, entitled VOLTAGE SWITCHABLE DIELECTRIC
MATERIAL HAVING CONDUCTIVE OR SEMI-CON-
DUCTIVE ORGANIC MATERIAL,; and U.S. patent appli-
cation Ser. No. 11/829,948, entitled VOLTAGE SWITCH-
ABLE DIELECTRIC MATERIAL HAVING HIGH
ASPECT RATIO PARTICLES.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustrative (not to scale) sectional view of a
layer or thickness of VSD material, depicting the constituents
of VSD material in accordance with various embodiments.

FIG. 2 is an illustrative sectional view of an electrical
substrate device (e.g. printed circuit board or section thereof)
having a gap structure that geometrically configures or aligns
protective material, under an embodiment.
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FIG. 3 is an illustrative top view of a gap structure com-
prising concentric and offset electrodes, according to an
embodiment.

FIG. 4 illustrates an alternative gap structure, according to
another embodiment.

FIG. 5 illustrates still another gap structure in which mul-
tiple critical paths can be formed, according to another
embodiment.

FIG. 6 illustrates an alternative triangular geometric con-
figuration in which a gap structure formed between two elec-
trodes has multiple critical paths from which the protective
layer can be switched on.

FIG. 7 illustrates an alternative rectangular geometric con-
figuration in which a gap structure formed between two elec-
trodes has a critical strip or area, under another embodiment.

DESCRIPTION

Embodiments described herein include an electrical device
that includes a first electrode and a second electrode that are
separated from one another so as to form a gap structure. A
layer of protective material spans the gap structure to contact
the first electrode and the second electrode. In at least some
embodiments, the layer of protective material is (i) a dielec-
tric in absence of a voltage that exceeds a characteristic volt-
age level, and (ii) a conductor with application of a voltage
that exceeds a characteristic voltage level of the composition.
A dimension of the gap structure, corresponding to a separa-
tion distance between the first electrode and the second elec-
trode, is varied and includes a minimum separation distance
that coincides with a critical path of the layer of protective
material between the first electrode and the second electrode.

Embodiments described herein are applicable to numerous
types of electrical devices in which a gap structure is formed
to separate two electrodes, using material that is protective
against electrical events. For example, embodiments
described herein can be implemented on a circuit board, as a
surge protector, or with a discrete semiconductor package.
Numerous other applications exist.

Examples of such electrically protective material includes
varistors and voltage switchable dielectric (VSD) material. In
absence of a transient electrical event, the protective material
is non-conductive, and the two electrodes are not separated.
When a transient electrical event occurs, the protective mate-
rial switches, so that the two electrodes are electrically con-
nected. The protective material may be provided as part of the
gap structure in order to enable, for example, the formation of
grounding paths when electrical events such as ESD occur.

In this context, embodiments recognize that the protective
material may be geometrically shaped or aligned in separat-
ing the two electrodes, in order to enhance desired electrical
performance of'the protective material. In particular, embodi-
ments recognize that some forms of protective material may
underperform in presence of relatively weak transient elec-
trical events that are otherwise sufficient in voltage to cause
the protective material to switch (i.e. voltage greater than
clamp or trigger). Weak electrical events may carry sufficient
voltage to switch the protective material into a conductive
state, but cause the material to underperform for lack of
energy. It is believed that such low energy switching events
only trigger some portions or ‘paths’ within the protective
material into the conductive state, while a remainder of the
protective material is unswitched. When only some portion of
the protective material is switched, the weakest potential path
(e.g. a portion of protective material that carries a defect)
within the protective material may coincide with the portion
of the material that actually switches. Because only a portion
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of'the protective material switches with application of the low
energy switching event, the protective material is more likely
to fail.

Accordingly, some embodiments provide for gap struc-
tures that are structured as follows: (i) the protective material
is positioned to be offset (or distributed unevenly) in its sepa-
ration of the two electrodes, (ii) the protective material pro-
vided in the gap structure is asymmetrical in shape, and/or
(iii) the electrode and/or protective material is shaped so that
separation distance between the two electrodes at various
points on the respective electrodes varies.

Overview of VSD Material

As used herein, “voltage switchable material” or “VSD
material” is any composition, or combination of composi-
tions, that has a characteristic of being dielectric or non-
conductive, unless a field or voltage is applied to the material
that exceeds a characteristic level of the material, in which
case the material becomes conductive. Thus, VSD material is
a dielectric unless voltage (or field) exceeding the character-
istic level (e.g. such as provided by ESD events) is applied to
the material, in which case the VSD material is switched into
a conductive state. VSD material can further be characterized
as a nonlinear resistance material. With an embodiment such
as described, the characteristic voltage may range in values
that exceed the operational voltage levels of the circuit or
device several times over. Such voltage levels may be of the
order of transient conditions, such as produced by electro-
static discharge, although embodiments may include use of
planned electrical events. Furthermore, one or more embodi-
ments provide that in the absence of the voltage exceeding the
characteristic voltage, the material behaves similar to the
binder.

Still further, an embodiment provides that VSD material
may be characterized as material comprising a binder mixed
in part with conductor or semi-conductor particles. In the
absence of voltage exceeding a characteristic voltage level,
the material as a whole adapts the dielectric characteristic of
the binder. With application of voltage exceeding the charac-
teristic level, the material as a whole adapts conductive char-
acteristics.

Many compositions of VSD material provide desired ‘volt-
age switchable’ electrical characteristics by dispersing a
quantity of conductive materials in a polymer matrix to just
below the percolation threshold, where the percolation
threshold is defined statistically as the threshold by which a
conduction path is likely formed across a thickness of the
material. Other materials, such as insulators or semiconduc-
tors, are dispersed in the matrix to better control the percola-
tion threshold. Still further, other compositions of VSD mate-
rial, including some that include particle constituents such as
core shell particles or other particles may load the particle
constituency above the percolation threshold.

As described with some embodiments, the VSD material
may be situated on an electrical device in order to protect a
circuit or electrical component of device (or specific sub-
region of the device) from electrical events, such as ESD or
EOS. Accordingly, one or more embodiments provide that
VSD material has a characteristic voltage level that exceeds
that of an operating circuit or component of the device.

According to embodiments described herein, the constitu-
ents of VSD material may be uniformly mixed into a binder or
polymer matrix. In one embodiment, the mixture is dispersed
at nanoscale, meaning the particles that comprise the organic
conductive/semi-conductive material are nano-scale in at
least one dimension (e.g. cross-section) and a substantial
number of the particles that comprise the overall dispersed
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quantity in the volume are individually separated (so as to not
be agglomerated or compacted together).

Still further, an electronic device may be provided with
VSD material in accordance with any of the embodiments
described herein. Such electrical devices may include sub-
strate devices, such as printed circuit boards, semiconductor
packages, discrete devices, Light Emitting Diodes (LEDs),
and radio-frequency (RF) components.

FIG. 1 is an illustrative (not to scale) sectional view of a
layer or thickness of VSD material, depicting the constituents
0ofVSD material in accordance with various embodiments. As
depicted, VSD material 100 includes binder 105 and various
types of particle constituents, dispersed in the binder in vari-
ous concentrations. The particle constituents of the VSD
material may include a combination of conductive particles
110, semiconductor particles 120, nano-dimensioned par-
ticles 130 and/or other particles 140 (e.g. core shell particles
or varistor particles).

In some embodiments, the VSD composition omits the use
of conductive particles 110, semiconductive particles 120, or
nano-dimensioned particles 130. For example, the particle
constituency of the VSD material may omit semiconductive
particles 120. Thus, the type of particle constituent that are
included in the VSD composition may vary, depending on the
desired electrical and physical characteristics of the VSD
material.

According to embodiments described herein, the matrix
binder 105 is formulated from polymer material that has
enhanced electron mobility at high electric fields. In some
embodiments, the polymer material used for binder 105
includes high field conductive (“HFC”) polymers, such as a
polyacrylate (e.g. Hexanedioldiacrylate). As an addition or
alternative, the polymer material includes blends or mixtures
of polymers (monomers) with high electron mobility with
polymers (monomers) with low electron mobility. Such poly-
mers (or blends) with enhanced electron mobility are capable
of carrying 1. OE-9 current at approximately 400 volts per mil
(extrapolated from empirical data at 1000 volts and across 2.5
mil gap). According to variations, the polymer binder 105
may also include mixtures of standard polymers (e.g. EPON
or GP611) with HFC polymers or polymers with enhanced
electron mobility under high field, the polymer binder 105
may be enhanced with use of nano-dimensioned particles
130, which are mixed into the binder to form a doped variant
of the binder 105.

Examples of conductive materials 110 include metals such
as copper, aluminum, nickel, silver, gold, titanium, stainless
steel, nickel phosphorus, niobium, tungsten, chrome, other
metal alloys, or conductive ceramics like titanium diboride or
titanium nitride. Examples of semiconductive material 120
include both organic and inorganic semiconductors. Some
inorganic semiconductors include silicon carbide, Boron-ni-
tride, aluminum nitride, nickel oxide, zinc oxide, zinc sulfide,
bismuth oxide, titanium dioxide, cerium oxide, bismuth
oxide, in oxide, indium in oxide, antimony in oxide, and iron
oxide, praseodynium oxide. The specific formulation and
composition may be selected for mechanical and electrical
properties that best suit the particular application of the VSD
material.

The nano-dimensioned particles 130 may be of one or
more types. Depending on the implementation, at least one
constituent that comprises a portion of the nano-dimensioned
particles 130 are (i) organic particles (e.g. carbon nanotubes
(CNT), graphenes, C60 fullerenes); or (ii) inorganic particles
(metallic, metal oxide, nanorods, or nanowires). The nano-
dimensioned particles may have high-aspect ratios (HAR), so
as to have aspect ratios that exceed at least 10:1 (and may
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exceed 1000:1 or more). Specific examples of such particles
include copper, nickel, gold, silver, cobalt, zinc oxide, in
oxide, silicon carbide, gallium arsenide, aluminum oxide,
aluminum nitride, titanium dioxide, antimony, Boron-nitride,
antimony in oxide, indium in oxide, indium zinc oxide, bis-
muth oxide, cerium oxide, and antimony zinc oxide. In at
least some embodiments, the nano-dimensioned particles
correspond to semiconductive fillers that form part of the
binder. Such fillers can be uniformly dispersed in the polymer
matrix or binder at various concentrations. Some of the nano-
dimensioned particles (e.g. Antimony in oxide (ATO), CNT,
zinc oxide, bismuth oxide (Bi,0;)) enhance the electron
mobility of the binder 105 at high electric fields.

The dispersion of the various classes of particles in the
matrix 105 is such that the VSD material 100 is non-layered
and uniform in its composition, while exhibiting electrical
characteristics of voltage switchable dielectric material. Gen-
erally, the characteristic voltage of VSD material is measured
at volts/length (e.g. per 5 mil), although other field measure-
ments may be used as an alternative to voltage. Accordingly,
a voltage 108 applied across the boundaries 102 of the VSD
material layer may switch the VSD material 100 into a con-
ductive state if the voltage exceeds the characteristic voltage
for the gap distance L.

As depicted by a sub-region 104 (which is intended to be
representative of the VSD material 100), VSD material 100
comprises particle constituents that individually carry charge
when voltage or field acts on the VSD composition. If the
field/voltage is above the trigger threshold, sufficient charge
is carried by at least some types of particles to switch at least
aportion of the composition 100 into a conductive state. More
specifically, as shown for representative sub-region 104, indi-
vidual particles (of types such as conductor particles, core
shell particles or other semiconductive or compound par-
ticles) acquire conduction regions 122 in the polymer binder
105 when a voltage or field is present. The voltage or field
level at which the conduction regions 122 are sufficient in
magnitude and quantity to result in current passing through a
thickness of the VSD material 100 (e.g. between boundaries
102) coincides with the characteristic trigger voltage of the
composition. The presence of conductive particles is believed
to amplify the external voltage 108 within the thickness of the
composition, so that the electric field of the individual con-
duction regions 122 is more than an order of magnitude
greater than the field of the applied voltage 108.

FIG. 1 illustrates presence of conduction regions 122 in a
portion of the overall thickness. The portion or thickness of
the VSD material 100 provided between the boundaries 102 is
representative of the separation between lateral or vertically
displaced electrodes. When voltage is present, some or all of
the portion of VSD material is affected to increase the mag-
nitude or count of the conduction regions in that region. When
voltage is applied, the presence of conduction regions varies
across the thickness (either vertical or lateral thickness) of the
VSD composition, depending on, for example, the location
and magnitude of the voltage of the event. For example, only
a portion of the VSD material may pulse, depending on volt-
age and power levels of the electrical event.

Accordingly, FIG. 1 illustrates that the electrical charac-
teristics of the VSD composition, such as conductivity or
trigger voltage, is affected in part by (i) the concentration of
particles, such as conductive particles, semiconductive par-
ticles, or other particles (e.g. core shell particles); (ii) electri-
cal and physical characteristics of the particles, including
resistive characteristics (which are affected by the type of
particles, such as whether the particles are core shelled or
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conductors); and (iii) electrical characteristics of the binder
105 (including electron mobility of the polymer material used
for the binder).

Specific compositions and techniques by which organic
and/or HAR particles are incorporated into the composition
of VSD material is described in U.S. patent application Ser.
No. 11/829,946, entitled VOLTAGE SWITCHABLE
DIELECTRIC MATERIAL HAVING CONDUCTIVE OR
SEMI-CONDUCTIVE ORGANIC MATERIAL; and U.S.
patent application Ser. No. 11/829,948, entitled VOLTAGE
SWITCHABLE DIELECTRIC MATERIAL HAVING
HIGH ASPECT RATIO PARTICLES; both of the aforemen-
tioned patent applications are incorporated by reference in
their respective entirety by this application.

Additionally, an embodiment provides for VSD material
that includes varistor particles as a portion of its particle
constituents. Thus, an embodiment incorporates a concentra-
tion of particles that individually exhibit non-linear resistive
properties, so as to be considered active varistor particles.
Such particles typically comprise zinc oxide, titanium diox-
ide, Bismuth oxide, Indium oxide, in oxide, nickel oxide,
copper oxide, silver oxide, praseodymium oxide, Tungsten
oxide, and/or antimony oxide. Such a concentration of varis-
tor particles may be formed from sintering the varistor par-
ticles (e.g. zinc oxide) and then mixing the sintered particles
into the VSD composition. In some applications, the varistor
particle compounds are formed from a combination of major
components and minor components, where the major com-
ponents are zinc oxide or titanium dioxide, and the minor
components or other metal oxides (such as listed above) that
melt of diffuse to the grain boundary of the major component
through a process such as sintering.

Particles with high bandgap (e.g. using insulative shell
layer(s)) can also be used. Accordingly, in some embodi-
ments, the total particle concentration of the VSD material,
with the inclusion of a concentration of core shell particles
(such as described herein), is sufficient in quantity so that the
particle concentration exceeds the percolation threshold of
the composition.

Under some conventional approaches, the composition of
VSD material has included metal or conductive particles that
are dispersed in the binder of the VSD material. The metal
particles range in size and quantity, depending in some cases
on desired electrical characteristics for the VSD material. In
particular, metal particles may be selected to have character-
istics that affect a particular electrical characteristic. For
example, to obtain lower clamp value (e.g. an amount of
applied voltage required to enable VSD material to be con-
ductive), the composition of VSD material may include a
relatively higher volume fraction of metal particles. As a
result, it becomes difficult to maintain a low initial leakage
current (or high resistance) at low biases due to the formation
of conductive paths (shorting) by the metal particles. As
described below, the polymer material may be selected and/or
doped to facilitate reduction in clamp/trigger voltage with
minimal negative impact to desired off-state electrical char-
acteristics of the VSD material.

FIG. 2 is an illustrative sectional view of an electrical
substrate device (e.g. printed circuit board or section thereof)
having a gap structure that geometrically configures or aligns
protective material, under an embodiment. The device 200
may include conductive elements 210, 220 provided on a
substrate 212. Protective material 214 underlies the electrical
elements. Various circuit configurations incorporate protec-
tive material 214 with the conductive elements 210, 220. A
gap 215 separates the conductive elements 210, 220. Collec-
tively, the conductive elements 210, 220 and gap 215 form a
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gap structure 230. According to some embodiments, the con-
ductive elements 210, 220 correspond to a pad and antipad. A
via 222 may extend one of the contacts 210, 220 to ground.
When a transient electrical event occurs, at least a portion of
the protective material formed in the gap structure switches
into a conductive state. When in the conductive state, the VSD
material connects the conductive element 210, 220 to ground
120.

As described with FIG. 3 through FIG. 5 and elsewhere,
embodiments provide that the gap structure 230 can be geo-
metrically configured or aligned to space the electrodes (con-
ductive elements 110, 120) unevenly from one another across
the layer of protective material. When the electrodes are
spaced unevenly from one another, the critical path is the
shortest distance between the two electrodes. The portion of
the protective material that underlies or forms the critical path
is the most likely portion of the protective material to switch
on (i.e. become conductive) or switch on first when a low
energy switching event occurs (e.g. event that switches only a
portion of the protective material switches). As a conse-
quence of using protective material at the critical path, (i)
even low energy events create high current density across the
reduced dimension, and (ii) the use of protective material for
the critical path significantly reduces the defect density of the
layer as a whole. Defects can cause undesirably high pre-
leakage, by forming a portion of the gap as a critical path,
these defects can be reduced or eliminated.

As an additional consideration, some embodiments pro-
vide that the dimension of the critical path may be set to be
less than the expected size of the defect in the protective
material. More specifically, VSD material can be assumed to
incorporate random defects in composition.

Depending on various factors (e.g. composition methodol-
ogy), the defects can be assumed to occur at a particular
density that can be expressed as follows:

D(number of defects)/S(span of VSD material).

When high quality VSD compositions are used in the con-
text of gap formations between electrodes, D can be assumed
as less than 1, so that 1 defect can be assumed for given S unit
of distance (spanning between electrodes). If the dimension
of'the critical path is less than or even about the same as S, the
VSD material that comprises the critical path likely contains
no defects. Thus, the portion of the VSD material that is most
likely to switch on in the event of a transient electrical event
is likely to be defect-free.

A structure such as described by embodiments herein may
be situated or used to protect against electrical events, such as
ESD, EOS or even lightning strike.

FIG. 3 is an illustrative top view of a gap structure com-
prising concentric and offset electrodes, according to an
embodiment. In FIG. 3, the first electrode 310 and second
electrode 320 (which may coincide with electrodes 210, 220
of FIG. 2) are separated by VSD material 330 (as the protec-
tive material 214). The second electrode 320 and VSD mate-
rial 330 are each circular, and the VSD material 330 connects
to the second electrode 320 and the first electrode 310. The
second electrode 320 extends to ground through via 322. Inan
embodiment the second electrode 320 is aligned or positioned
to be offset with respect to the VSD material 330 and first
electrode 310. The critical path coincides with the shortest
radius R1. The portion of VSD material 330 that underlies or
forms R1 is likely to switch when a low energy event with
sufficient trigger voltage occurs. As mentioned, the VSD
material of the critical path provides high current density and
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is set to be less in size than an unacceptable defect dimension.
Non-critical paths may or may not turn on depending on the
transient voltage or current.

FIG. 4 illustrates an alternative gap structure, according to
another embodiment. In FIG. 4, the first electrode 410 and
second electrode 420 (which may coincide with electrodes
210,220 of FIG. 2) are separated by VSD material 430 (as the
protective material 214). The second electrode 420 is
depicted as circular, and the VSD material 430 circumvents
the second electrode 420, but has a polygonal shape (e.g.
square). The second electrode 420 may extend to ground
through via 422. The separation of the first electrode 410 and
second electrode 420 may vary across the VSD material 430.
The shortest separation distance 432 between the two elec-
trodes forms the critical path. More than one critical path may
be formed.

FIG. 5 illustrates still another gap structure in which mul-
tiple critical paths can be formed, according to another
embodiment. In FIG. 5, the first electrode 510 and second
electrode 520 (which may coincide with electrodes 210, 220
of FIG. 2) are separated by VSD material 530 (as the protec-
tive material 214). The second electrode 520 is depicted as
circular, and the VSD material 530 circumvents the second
electrode 520, buthas a polygonal shape (e.g. octagonal). The
second electrode 520 may extend to ground through via 522.
The separation of the first electrode 510 and second electrode
520 may vary across the VSD material 530. The shortest
separation distance 532 may form the critical path. More than
one critical path can be formed, particularly if the first elec-
trode 510 is not offset relative to the second electrode. In the
example shown, the outer electrode is an octagon, and the
separation distance to the second electrode 520 is minimal at
the midpoint on each side of the octagon. Thus, eight separate
regions may be provided that are minimal or coincide to
provide a critical path. The particular critical path(s) that are
switched on may be determined by location and direction of
the transient electrical pulse.

In addition to offsets, the two-dimensional geometric con-
figuration of the VSD material (or other protective material)
relative to the first or second electrode may vary from those
shown, to encompass, for example, alternative polygonal
shapes. Likewise, the second electrode (which is surrounded
and separated from the first electrode by VSD material) may
have alternative configurations, such as, for example, a trian-
gular configuration (see FIG. 6, critical path shown by R) or
square/rectangular configuration (see FI1G. 7).

More specifically, FIG. 6 illustrates an alternative triangu-
lar geometric configuration in which a gap structure formed
between two electrodes has multiple critical paths from
which the protective layer can be switched on. In the example
shown, the inner second electrode 620 is triangular and con-
tained within a square or rectangular electrode 610. A layer of
VSD material 630 separates the electrodes 610, 620. As a
result of the triangular shape, three critical paths 621 are
formed with the underlying VSD material 630 to switch on in
the presence of a transient electrical event.

FIG. 7 illustrates an alternative rectangular geometric con-
figuration in which a gap structure formed between two elec-
trodes has a critical strip or area, of which at least a portion
can switch on with the occurrence of a transient electrical
event. More specifically, in the example shown, the inner
second electrode 720 is square rectangular and positioned
within another square or rectangular electrode 710. The inner
electrode 720 is also offset within the outer electrode 710. As
a result of the offset, the gap structure between the inner and
outer electrode is separated by a strip 721 that defines the
minimum separation distance between the electrodes 710,
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720. The strip 721 provides an area or region of VSD material
that at least partially switches on in the event of a transient
event. It is believed that the particular geometry promotes or
enhances switching to occur in VSD material that is contained
in the region of the strip 721, particularly in response to
transient electrical events which are borderline in satistying
the threshold for switching the composition of VSD material
on.

Embodiments such as described herein may be incorpo-
rated into various structures. In one embodiment, the uneven
or asymmetrical arrangement for spacing a pair of electrodes
over an underlying layer of VSD material may be embedded
or integrated into a discrete surge protector, printed circuit
board, or semiconductor package. In some embodiments, the
structure may correspond to a lightning rod.

Embodiments include individual elements and concepts
described herein, independently of other concepts, ideas or
systems, as well as combinations of elements recited any-
where in this application. Although illustrative embodiments
of the invention have been described in detail with reference
to the accompanying drawings, it is to be understood that the
described embodiments are not limited to those precise
embodiments, but rather include modifications and variations
as provided. Furthermore, a particular feature described
either individually or as part of an embodiment can be com-
bined with other individually described features, or parts of
other embodiments, even if the other features and embodi-
ments make no mention of the particular feature.

What is claimed is:

1. An electrical device comprising: a first electrode;

a second electrode separated from the first electrode to
form a gap structure;

alayer of protective material that spans the gap structure to
contact the first electrode and the second electrode;

wherein the layer of protective material is (i) a dielectric in
absence of a voltage that exceeds a characteristic voltage
level, and (ii) a conductor with application of a voltage
that exceeds a characteristic voltage level of the compo-
sition;

wherein a dimension of the gap structure, corresponding to
a separation distance between the first electrode and the
second electrode, is varied and includes a minimum
separation distance that coincides with a critical path of
the layer of protective material between the first elec-
trode and the second electrode;

wherein the first electrode surrounds all of the second
electrode, and wherein a center of the second electrode is
offset relative to a center of the first electrode so as to
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vary the separation distance with the first electrode at
different locations along the perimeter of the second
electrode; and

wherein the protective material is a varistor.

2. The electrical device of claim 1, wherein one of the first
or second electrodes is interconnected to a grounding element
so that the first and second electrode are both electrically
grounded when the layer of protective material switches from
the non-conductive state.

3. The electrical device of claim 1, wherein the minimum
separation distance between the first electrode and the second
electrode is greater than a defect density length of the protec-
tive material.

4. The electrical device of claim 1, wherein the protective
material is voltage switchable dielectric (VSD) material.

5. The electrical device of claim 1, wherein each of the
second electrode and the protective material is circular or
elliptical in shape, and wherein the protective material sur-
rounds the second electrode and is geometrically offset with
respect to the second electrode.

6. The electrical device of claim 1, wherein each of the first
electrode and the protective material is polygonal, and the
second electrode is circular or elliptical.

7. The electrical device of claim 1, wherein the first elec-
trode is polygonal, and each of the protective material and the
second electrode is circular or elliptical.

8. The electrical device of claim 1, wherein the second
electrode is polygonal.

9. The electrical device of claim 1, wherein the protective
material is circular or elliptical in surrounding the second
electrode.

10. The electrical device of claim 1, wherein the first elec-
trode, second electrode and protective material are arranged
so that a resulting electric field from the electrical event is
optimized to be non-uniform.

11. The electrical device in claim 1, wherein the electrical
device is a discrete surge protector.

12. The electrical device in claim 1, wherein the electrical
device is a printed circuit board or discrete semiconductor
package.

13. The electrical device of claim 1, wherein the protective
material protects against lightning strike.

14. The electrical device of claim 1, wherein the protective
material protects against an electrostatic discharge event.

15. The electrical device of claim 7, wherein the first elec-
trode has a triangular shape.

16. The electrical device of claim 1 wherein the dimension
of'the critical path is less than or equal to the span at which at
least one defect in the protective material is expected.
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